How does the establishment of new university educational programs promote university-industry joint research? To study this question for the fields of life sciences and biotechnology, we first compile the data on the establishment of new undergraduate and graduate programs in these fields in Japanese universities since the 1950s. We then analyze statistically whether and how such establishment contributed to the occurrence and frequency of university-industry joint research in biotechnology. The results suggest that, first, the expansion of such university programs in fact contributed to the promotion of university-industry joint research and, second, these collaborations increased following the 1998 legislation to promote technology transfer from universities (the so-called TLO Act) and the 1999 legislation to allow universities to retain rights on their inventions made with government research funds (the so-called Japanese Bayh-Dole Act).
Introduction
The role of universities in the advancement of new industries is now widely recognized. Historically, universities contributed to industrial innovation not only by supplying educated scientists and engineers but also by advising industries, helping them to learn new technologies, and performing joint research with them: see Rosenberg and Nelson (1994) and Mowery et al. (2004) for the US; Murmann (2003) for Germany; and Odagiri and Goto (1996) and Odagiri (1999) for Japan. This trend has accelerated in recent years and, now, university-industry collaborations (hereafter UI collaborations) are actively pursued in every developed country in a variety of ways both formally through UI research contracts, university licensing, and other contracts, and less formally through consulting and miscellaneous informal UI interaction. Many survey studies testify to this fact. In the US, when asked about the importance to industrial R&D of various information sources related to public research, 36 percent of the respondents replied that "informal interaction" is at least modestly important, 32 percent replied the same for "consulting", and 21 percent for "contract research" (Cohen et al., 2002) . This result suggests that many firms are benefitting from UI collaborations, in addition to open-source academic research such as publications and reports, for which 41 percent of the respondents replied similarly. In Japan, 24 percent of large-scale companies (with 250 employees or more) with innovative activities replied that they cooperated with universities for innovations and 56 percent of them replied that universities are highly or moderately important partners for cooperation (Ijichi and Odagiri, 2006) .
In Europe, similar evidences are given in community innovation surveys (CIS); for instance, in Belgium, 27 percent of firms that innovated had a cooperative agreement with universities (Veugelers and Cassiman, 2005) .
Nowhere is such UI collaboration more important than in the field of biotechnology and health care, most notably pharmaceuticals. In the same US survey, more than a half, namely 53 percent, of pharmaceutical firms replied that contract research is important, far exceeding the percentage for all industries (21 percent). In Japan, 70 percent of firms in the pharmaceutical industry replied that they had cooperated with universities for innovation, again far exceeding the figure for all industries (24 percent). This closeness of university research and industrial application in pharmaceuticals owes mainly to two factors. The first is the intrinsic nature of the industry. From the beginning of the modern drug industry and the chemical industry in the latter half of nineteenth century in Germany, the most advanced country at the time, the interaction between universities and industries played significant roles (Murmann, 2003) . Today, 'science linkage' as measured by the frequency of citation to scientific papers in patent applications is known to be particularly prominent in the biotechnology and pharmaceutical fields (McMillan et al., 2000) .
The second factor for the importance of UI collaboration in biotechnology is the rapid progress of related basic sciences, mainly life sciences. As exemplified by the discovery of DNA double helix structure by J. D. Watson and F. H. C. Crick in 1953, the invention of genetic engineering technique by S. Cohen and J. Boyer in 1973, and the completion of the International Human Genome Project in 2003, the latter half of the twentieth century saw a historically unprecedented speed of development in life sciences, which could be applied to industrial innovation. The consequence was that the businesses had to follow scientific development closely so as not to be left behind competitors. University researchers also needed close collaboration with industries to prove industrial applicability of their research results.
The close UI relationships and active collaborative activities common in biotechnology-related industries, such as pharmaceuticals and agriculture, have been documented and studied by many (e.g., Henderson et al., 1999 , Pisano, 2002 , McKelvey et al., 2004 , and the papers in McKelvey and Orsenigo, 2006) . That the extent and manner of UI collaborations are dependent on the national innovation system characterized by the legal system, the business system, the labor system, the university and other educational systems, government policies, and such has been also noted: see Nelson (1993) for an international comparison of national innovation systems and Kneller (2007) for a Japan-US comparison in relation to biotechnology and pharmaceuticals.
Another important fact is that, even though scientific community has become global in the sense that published research results can be accessed worldwide virtually without delay, geographical proximity still plays an important role in UI collaborations.
Owen- Smith and Powell (2004) studied the biotechnology knowledge network of the Boston area and found that ties with local research community increase biotech firms' patents. Zucker et al. (1998) found a positive influence of the presence of star researchers and top-quality universities in the region on the birth of biotech firms in the US while Zucker and Darby (2001) found that linkages with local star scientists contributes to product development of Japanese biotech firms. Geographical proximity is important because face-to-face communication makes UI collaborations effective. Faculty members may visit firms' laboratories to give advices or company researchers may visit university laboratories to perform joint research with faculty members and receive advices from them. Even with the advancement of the internet, intimate collaborations require frequent face-to-face communication and joint research at the spot. Just like the well-known fact that, in machinery production, the participation of both engineers and plant workers is essential for continuous productivity improvement, UI joint research requires continuous collaborations between academic and industry scientists.
This fact implies that the presence of academic institutions in close proximity to firms, in terms both of geography and of research theme, is a prerequisite for these firms to undertake UI joint research and benefit from the universities' knowledge and research capabilities. This proposition will be theoretically analyzed and the implications discussed in Section 2. One important consequence is that, for UI joint research to be carried out smoothly and fruitfully, the country must have universities with educational and research facilities in related fields. The development of university educational and research programs in life sciences and biotechnology will encourage the faculty to carry out collaborations with firms aiming at industrial application of biotechnology.
With this view in mind, we will investigate in this paper, first, how such educational programs developed in Japan in the last few decades and, second, how this development contributed to UI joint research. The structure of the paper is as follows. After a theoretical exposition in Section 2, we will give in Section 3 an account of the development of UI collaborations in Japan and important policy changes since the latter half of the 1990s. In Section 4, we will collect the data on the expansion of university educational programs (schools and departments at undergraduate and graduate levels) in the fields of life sciences and biotechnology in Japan and show that such expansion took place actively since 1985. In Section 5, after explaining the data on biotechnology-related joint research contracts of Japanese national universities with industries during 1995-2000, we will explain our empirical methodology as well as the testable hypotheses derived from the theoretical predictions of Section 2. In Section 6, the results of university-year panel regressions using the two sets of data -one on university programs and the other on UI joint research -will be presented. They support our main hypothesis that the establishment of university life-science educational programs promotes UI joint research in biotechnology. In addition, the regression results imply that the policies taken in Japan to foster UI collaborations had the intended effect. Section 7 summarizes these results and discusses their implications.
University Programs and Joint Research -A Model
Establishing a new university program on life science will result in more active UI joint research activities, since firms will then have a bigger chance of finding suitable research partners. This proposition can be demonstrated by means of a spatial differentiation model a la Hotelling (1929) .
We consider a spectrum of research themes that are distributed along a line 1 and assume that life-science educational and research programs of different university can be characterized by different locations (  ); for instance, University j is located at j  and University j+1, at 1  j  . Location here may be understood as geographical 1 Hotelling assumed that players (consumers, firms, and such) are located along a straight line that has ends in both sides. We ignore the presence of such ends because, very likely, there is no end in the distribution of themes, unlike in tastesfrom hot to cool, or radical to conservative -or politics -from right-wing to left-wing. In this regard, the model is more akin to the circular model of Salop's (1979) . location because, as discussed above, geographical proximity between a firm and a university will make their joint research easier. However, given Japan's relative small size and denseness, proximity in research themes is probably a more important determinant of joint research. We will thus think of location in regard to research themes and assume that universities have advantages in different themes; for example, University j may be known for its stem-cell research while University j+1 may be known for protein research, which is why, in Figure 1 , their locations, j  and 1  j  , are separate along the line. We are aware that it is a gross simplification to place different research themes along a uni-dimensional line and represent the research theme of each university's comparative advantage by a single point on this line. Nevertheless, we believe the model is not a far-fetched depiction of real firms' choice of joint research partners and is useful for expositional purposes and for the purpose of deriving testable hypotheses.
Consider a firm that is seeking an opportunity to conduct a joint research project with a university that preferably has knowledge and capability on research theme depicted by location   . If there is a university j that is located exactly at this point (i.e.,   j  ), the firm will of course choose University j as the partner and the expected return (in present value) from this collaboration will be denoted by V j . V j may differ across universities because of their different research capabilities.
It is seldom, however, that the firm can find a university that perfectly fits its desired research theme. Usually, there is a distance, measured by     j , between its desired theme and that of University j. Because the expected return from joint research will be lower the larger the distance, we can write the return as 
where t denotes per-distance decline in the expected return 2 . This expected return is shown in Figure 1 by the straight lines sloping downward to both sides from the height of V j at location   j . Given the cost (in present value) of joint research at C, the firm will undertake joint research with University j if and only if , these firms will not undertake joint research with University j+1 either. Neither will they undertake one with University j-1 and so forth. Hence, only with the establishment of University j's program will they begin a UI joint research activity.
Second, the establishment of a new life science program may also encourage firms to increase the number of joint research projects they perform with universities.
Suppose that the cost of joint research is lower at C 2 . Then, as is apparent from Third, a higher V j will lead to a higher likelihood that the university has one or more joint research contract with firms, because it becomes more likely that there are firms
Also, it will result in more firms partnering with University j. Hence, if, for instance, V j increases over time as the university gradually builds reputation by hiring new faculties, attracting better graduate students, and accumulating capabilities for scientific experiments and tests, then, more firms will find the university to be a more attractive research partner.
These theoretical predictions will be formalized as testable hypotheses in Section 5 and empirically tested in Section 6. We believe that, despite its simplicity and its straightforward extension from the spatial differentiation model, the model will provide a useful framework for analyzing these and other likely consequences of the establishment and location (both in terms of geographical location and research themes) of universities.
University-Industry Collaborations and Policy Changes in Japan
In the mid to late nineteenth century when Japan's modern economy took off, universities played important roles in Japan's industrial and technological (Odagiri and Goto, 1996) .
Unfortunately, a uniform and rigid regulation began to be applied to the conduct of university faculties and this tendency became apparent with the post-World War II university reform that emphasized uniformity than flexibility (Hashimoto, 1999) .
Such regulation was strictly enforced because most of the major universities in Japan were national and their professors were civil servants 3 . For instance, joint research with firms required tedious paperwork and, at times (for instance, during the Vietnam War and during the student movement in the late 1960s), met hostility from students. Professors were not encouraged to apply for patents and could not become a director of a private company. It is not that UI collaborations were absent.
Actually, there were many cases of collaboration but they were mostly done informally (Odagiri, 1999) . Often, firms seconded their researchers to university laboratories as graduate students or visiting faculties and donated research funds to professors instead of sharing research costs following formal UI joint research contracts. Professors often relegated the right to patent their inventions to donating firms instead of the universities or the professors applying for patents.
3 As will be shown in the next section, private universities overwhelm national ones in terms of the number of universities or of students; however, most major universities are national. most TLOs are still suffering from loss.
One of the purposes of the present study is to estimate the impact of these policies on UI joint research in Japan by using micro data at the university level. Unfortunately, the data covers only the 1995-2000 period and we cannot examine the impact of the 2004 law with which the national universities were incorporated. Still, our finding that the number of UI joint research contracts in relation to biotechnology significantly increased after 1998 and 1999, respectively the years for the TLO Act and the Japanese Bayh-Dole Act, must indicate that the policies played expected roles.
Expansion of Life Science Education in Japanese Universities
Universities played a major role in the development of life sciences. In turn, the development of life sciences prompted universities to change. New research fields, such as molecular biology and bioinformatics, increased their importance, fostering universities to start new faculties and laboratories to study and teach these fields.
Both academic and industrial demands increased for graduates with the knowledge on such new sciences and technologies, prompting universities to start new departments and graduate schools to teach these subjects. Put differently, were it not for swift reorganization of universities, neither academic research nor its industrial application can be expected to progress. bachelors. In doctors, by contrast, the top three were health, engineering and science (namely, natural sciences). The statistics does not decompose these numbers into national vs. municipal vs. private universities; however, the two panels together imply that the majority of the faculty members in private universities were in humanities and social sciences, whereas the majority of faculty members in health, engineering, and natural sciences belonged to national universities. This fact should suggest that, even though our analyses below of UI joint research projects in biotechnology will be confined to those in national universities, it is safe to assume that the results apply to the majority of such UI joint research in Japan.
Furthermore, except for a few exceptions (most notably Keio and Waseda), nearly all the internationally known universities (e.g., Tokyo, Kyoto, Osaka, and Tokyo
Institute of Technology) are national.
We studied organizational changes of Japanese universities using Zenkoku Daigaku
Ichiran (List of Universities in the Nation) published by Bunkyo Kyokai. It lists the changes in educational and research organizations of all the Japanese universities and, from this source, we picked up the establishment of four types of new educational programs --"undergraduate schools" (or simply "schools"), "departments" within undergraduate schools, "graduate schools", and "graduate departments" within graduate schools --that are related to life sciences and biotechnology. In Japanese, while, since 1985 and particularly during the 1990s, it was common that more than ten establishments were made. This tendency applies to both public and private universities. Between these two types of universities, public universities were more active in establishing these programs. Together with the fact shown in Table 1 that the number of private universities is more than five times that of public universities, it is obvious that, while many public universities started new programs to teach bio-related subjects, only a very small percentage of private universities did so. A large part of the establishments were made at the department level (both at the undergraduate and graduate levels) than at the school level, obviously because it is more costly and politically demanding to start new schools.
It is difficult to compare this finding to that in the US mainly because, to our knowledge, no comparative study is available and we only know sporadic cases, such as those at MIT, Berkeley, and Stanford mentioned above. In that many Japanese universities started new departments during the 1980s, and that there were also cases, if exceptional ones, in which establishments occurred during the 1970s, it appears difficult to assert if Japan significantly lagged behind the US in this regard 9 . Still there are arguments suggesting that the lag is serious in Japan. We will come back to this topic in the concluding section.
Data, Hypotheses, and Variables
As mentioned earlier, UI collaborations can take a variety of forms, such as joint research based on contracts, commissioned research (in which industries commission research to university laboratories), licensing of university patents, donation of research funds by industries, consulting, and faculty members acting as directors or technical advisors in companies. Some are based on formal contracts between the university and the firm(s) while others are informal, for instance, made by faculty members without reporting to their universities. Consequently, it is hard to capture the entire collaborative activities.
In this study we confine our analysis to joint research contracts between national universities and companies. All the national universities were required to report these contracts to the Ministry of Education, Culture, Sports, Science and
Technology (MEXT). MEXT's National Institute of Science and Technology
Policy (NISTEP) made a study of these reports to analyze the trend and distribution of UI joint research activities (NISTEP, 2003 (NISTEP, , 2005 . With permission of NISTEP, 9 Earlier, Yamada and his associates (Hayashi and Yamada, 1975, and Tsukahara, 1986) studied the trend of the number of researchers, the amount of research funds, and the number of papers and presentations, as well as the establishment of new departments, in high-polymer chemistry and other new scientific fields, and concluded that the establishment of new departments in Japan significantly lagged behind the international research trend. Unfortunately, it is more difficult to do a similar analysis on life sciences and biotechnology because these correspond to broader fields and developed more continuously after the preceding studies in genetics and biology. Mendel's law, for instance, became known at the beginning of the 20th century.
we will use this data re-compiled at university levels 10 .
We are not entirely happy with this focus on joint research contracts only; however, for two reasons, the results should apply reasonably well to UI collaborations in general. The first is that important collaborations tend to occur through joint research contracts. In our interviews, a number of company research officers confirmed this fact by saying that, to clarify the rights and responsibility of each party, they prefer joint research contracts if the projects are important or if they are expected to lead to patentable inventions. Second, with the policy changes discussed in Section 3, universities have become more eager to conclude research contracts. Many universities now have TLOs and liaison officers who help faculty members sign and carry out contracts. These arrangements reduced transaction costs for the contracts and some companies indicated that, whereas they used to simply donate research funds in order to avoid bureaucratic hassles and contract costs, they now conclude research contracts with faculty members.
The required report by universities to MEXT showed the school (which is defined in the sense explained in the previous section and is a more coarse classification than departments) involved in the contract and the industry the firm belonged. During 1995-2000, MEXT also asked to report if the contract is related to one of eight fields -biotechnology, material, energy, software, electronics, machinery development, civil engineering, and construction -or none of these. Using this information, we only consider joint research contracts in the field of biotechnology. The trend of these contracts is summarized in Table 2 . Apparently, the number of national universities with these contracts increased during the period, particularly after 1998, the year the TLO Act started. The number of contracts per university also increased from 2.1 in 1995 to 7.2 in 2000.
Let us now investigate if the establishment of new educational programs (schools, departments, graduate schools, or graduate departments) on life sciences and biotechnology led to more active joint research contracts in biotechnology. From the discussion in Section 2, we can derive two hypotheses. The first concerns the likelihood that a university undertakes such a contract.
Hypothesis 1-1:
A university with at least one educational program on life science or biotechnology is more likely to undertake one or more joint research contracts with companies.
That is, with a good probability, there is a firm located between   j 1 and   j  1 in Figure 1 (given C = C 1 ).
However, there may be a lag in this effect because it may take some years before the new school, etc., becomes fully staffed and active in research and the activity of the new school becomes known to industries 11 . That is, V j (or, more precisely, firms' perception of V j ) may increase over time and, hence, we have the following hypothesis as a variant of Hypothesis 1-1.
Hypothesis 1-2:
A university that established its first educational program on life science or biotechnology earlier is more likely to undertake one or more joint research contracts with companies.
The second group of hypotheses concerns the number of joint research contracts. We will test these hypotheses with regressions using a panel of 95 national 11 Usually, establishment of a new educational program occurs on the 1st of April when a new academic year starts in Japan. Joint research contracts may be concluded at any time of the year but, usually, a few months after April. Hence, even if the start of the program and the contract take place in the same academic year, a few months' delay is common.
universities over six years (1995) (1996) (1997) (1998) (1999) (2000) . The dependent variable to test Hypotheses 1-1 and 1-2 is COLLABO, a dummy variable that equals one if and only if the university had at least one joint research contract with firms or industries in biotechnology (subscripts for university (j) and for year (t) are suppressed; for exact definitions, see Table 3 ). The dependent variable to test Hypotheses 2-1 and 2-2 is N_COLLABO, the number of joint research contracts by the university with firms or industries in the field of biotechnology.
The independent variable to test Hypotheses 1-1 and 2-1 is LIFE, a dummy variable that equals one if and only if the university had established at least one educational program in the field of life sciences or biotechnology. The variable to test Hypotheses 1-2 and 2-2 is LIFE_AGE, the number of years since the university established its first educational program in the field of life sciences or biotechnology.
In addition, to test if the effect of age is linear, we used a group of dummy variables.
LIFE_0-4Y equals one if and only if the university established its first educational
program in the field of life sciences or biotechnology between this year and four years ago. Similarly, we define LIFE_5-9Y, LIFE_10-14Y, and LIFE_15Y, the last indicating that the new program started 15 years ago or earlier.
In addition, we have a number of control variables that may affect the probability and intensity of the university's joint research contracts. Some of these are university-specific, such as the age of the university (UNIV_AGE), its size (UNIV_SIZE), a dummy variable (COMPRE) indicating if the university has both humanistic schools (including humanities and social sciences) and scientific schools (including natural sciences, engineering, agriculture, medical, and pharmaceutical), and a dummy variable (SCIENCE) indicating if the university has scientific schools only 12 .
Another variable that affects the likelihood or the number of UI joint research is the quality of schools (or departments), because this quality determines V j in Figure 1 and hence the number of firms within   j 1 and   j  1 . A common measure of school quality is the number of papers by the faculty members (preferably weighted by the frequency of being cited by subsequent papers or patents). However, there is a causality issue. That is, such papers will come out only after the school is established; hence, the number of papers must be larger for universities with life-science schools (or departments) and for universities with a longer history of such schools, causing correlation with our main dependent variables, LIFE and
LIFE_AGE.
We therefore prefer a variable indicating the intrinsic quality of the university whether it has a life-science school or not. In Japan (and perhaps in many other countries), such quality is likely best approximated by the difficulty of being admitted. All national universities select students based on two types of entrance examinations, one being a nationwide examination and the other being an examination carried out by individual universities (and in many cases by individual schools within universities). Based on the estimated scores of students accepted for entrance, several preparatory schools publish indices of the difficulties of universities.
This index, denoted by SCORE, is calculated as normalized standard deviation; that is, it equals 50 if the minimum examination score needed for admission to the school equals the mean of such scores over all schools and all universities (whether national, municipal, and private) and 60 if it is higher than the mean by one standard deviation.
It varies across universities (with the University of Tokyo gaining the highest score) and across schools (with medical schools gaining the highest score in most universities). The score we used is that for the school of natural sciences 13 . Since we want it to be unaffected by the start of new schools, it was measured prior to the sample period, that is, in 1994. 13 In case the university does not have a school of natural sciences, we estimated it by extrapolation, that is, by multiplying the scores of schools present in the university by the mean inter-school ratios of all universities. The score we used is that published by Fukutake Shoten, one of the major preparatory schools in Japan. A few other preparatory schools also publish the scores and the correlation among them is sufficiently high.
SCORE and UNIV_SIZE turned out to be highly correlated (r =0.424): for instance, the University of Tokyo is the largest and the most difficult to be admitted.
Therefore, we will use these two variables alternatively. Table 3 gives the definition of each variable and the basic statistics. In addition, we used year dummies (Y1996, etc.) to control for time effects.
Estimation Results
The estimated coefficients and computed marginal effects (dF/dx) are shown in Tables 4 and 5 . For estimation, we used probit models to test Hypotheses 1-1 and 1-2 and, to test Hypotheses 2-1 and 2-2, we used negative binomial models since the dependent variable is a count data 14 . Table 4 shows that both LIFE and LIFE_AGE have significantly positive coefficients, supporting Hypotheses 1-1 and 1-2. A university with relevant educational programs is more likely to participate in joint research on biotechnology with industries and this probability increases with years after the establishment of such programs. Equations (1-2) and (1-5) confirm that the probability increases over the years, although the increase becomes insignificant after ten years of the establishment, mainly because most universities begin joint research within ten years of school establishment. to be more active in joint research than comprehensive universities (e.g., the
University of Tokyo), even though, ceteris paribus, the probability of occurrence of joint research hardly differs between the two types of universities. Put differently, the economies of scope from having humanistic schools (including social science schools) in the same university appears unimportant. These results suggest that, in the years 1999 and 2000, more universities started to have UI joint research and, more evidently, the number of joint research contracts increased significantly. These findings are consistent with the general trend we observed in Table 2 and suggest the contributions of two policy initiatives, that is, the enactment of the TLO Act in 1998 and the Japanese Bayh-Dole Act in 1999. We are inferring the effects of these policies only with the year effects and have not directly tested the influences of the policies; therefore, this conclusion remains as tentative. Still, it is consistent with the view that these laws encouraged and assisted both universities and industries to make joint research contracts.
Conclusions and Implications
This paper studied the development of university educational programs in the fields of life sciences and biotechnology. Our data on the establishment of new such programs (schools and departments, both at undergraduate and graduate levels) in Japan indicated that the majority of universities started these programs since 1985
and particularly during the 1990s. We then looked at the data on the number of joint research contracts that national universities concluded with industries in relation to biotechnology. The number of contracts per university was found to have increased rapidly.
Our university-year panel regression results indicate that these two events are related.
A university is more likely to enter into one or more joint research contracts and tend to enter into more such contracts if the university has already have an educational program in the field of life sciences and biotechnology. And this probability and tendency are stronger when the university has a longer history of these educational programs. Our results also supported the hypothesis that the two major policy initiatives, the TLO Act in 1998 and the Japanese Bayh-Dole Act in 1999, played the intended role of fostering university-industry collaborations.
We may draw three useful implications from these results. First, at least in the field of life sciences and biotechnology, it was confirmed that the presence of educational institutions in related fields is a prerequisite for UI collaborations. Often, establishing new programs in response to new scientific development tends to delay, owing to budgetary constraints and intra-university conflicts, and policy efforts are needed to avoid such delay. The US universities have been said to retain greater autonomy and be more responsive to changing socio-economic demands (Mowery and Sampat, 2005) . In comparison, Japanese universities appear less responsive partly because most major universities are national and used to depend on state budgets and government regulations and guidance, and partly because intra-university departmental autonomy has been emphasize, making it more difficult to make inter-departmental adjustments and collaborations. Our study inquired into the development of new programs only for Japan. Comparative studies on other countries, with national differences in university systems into considerations, are needed.
Second, it may take several years before the establishment of a new educational program starts to contribute to UI joint research. Ostensibly such time lag is inevitable because it takes several years before the program runs in full capacity, the graduate students become knowledgeable and capable enough to contribute to the laboratories as research assistants, the faculty members establish a network with companies, and the university administration accumulates sufficient capability to establish liaison with companies and handle research contracts. We believe the last factor to be particularly important. Even in the US, Mowery et al. (2004) argued that, the passage of Bayh-Dole Act of 1980 prompted inexperienced universities to apply for patents of little value and it took a number of years before the administrators of these universities accumulated sufficient capabilities to winnow out faculty inventions of little value (also see footnote 4 above). The administrators of Japanese universities may have been even more inexperienced because national universities depended on the government fund and were subject to heavy regulations.
Most inventions used to be given to industries, which then patented them and, as a sort of compensation, donated research funds to the inventing faculty members.
Since the enactment of the Japanese Bayh-Dole Act and the National University Corporation Law, many universities set up TLOs and other liaison offices and some hired specialists from outside. The number of patenting and licensing, as well as joint research contracts, has been increasing. Still, even more efforts will be needed to foster the accumulation of experience and skills for these activities.
Third, the TLO Act, which promoted the establishment of technology licensing offices, and the Japanese Bayh-Dole Act, which allowed universities to retain rights for inventions made from government-supported research projects, seem to have had the expected effects. To inquire fully into the effects, we need to know also about patenting, licensing, and other activities. Also, we wish to extend the period of Note "Universities newly performing UI joint research" refer to the universities who had no joint research contract in the previous year but had one or more in the current year. Because of the presence of universities having performed joint research in the previous year but having none in the current year, "the number of universities newly performing UI joint research" may exceed the increase in "the number of universities performing UI joint research." Notes: COLLABO = N_COLLABO=0 in 236 observations (that is, no UI joint research contract was made in 236 university-year combinations). Standard errors are shown in parentheses. The significance level is shown by ***(1%), **(5%), and *(10%). -194.311 -193.861 -198.119 -196.038 -194.821 -199.410 Notes: COLLABO = N_COLLABO=0 in 236 observations (that is, no UI joint research contract was made in 236 university-year combinations). Standard errors are shown in parentheses. The significance level is shown by ***(1%), **(5%), and *(10%). 
